ABSTRACT
Introduction
Tissue hypoxia in shock correlates with a higher mortality in the critically ill. (1) Assessment of global oxygen delivery (DO 2 ) and consumption (VO 2 ) can be made with right heart catheterization using Fick's principle, based on cardiac output, hemoglobin saturation and total value of arterial and central venous blood oxygen contents. Delivery of blood through the capillaries and cellular capability to uptake and utilize oxygen define hemoglobin saturation. Where these two are intact, we see an increase in VO 2 to compensate for lower blood flow. Examples are cardiogenic, hypovolemic and obstructive shock. In these states, oxygen consumption is limited only by delivery of oxygen, the relationship being linear when delivery drops below consumption capability. A different set of dynamics is seen in distributive shock, where oxygen delivery is usually maintained or even increased, while oxygen consumption is disturbed because of microvascular and metabolic changes. ( 2) It is not entirely clear whether microvascular shunts or mitochondrial shutdown is predominant but both are probably important. (3, 4) Unfortunately, measurements of global oxygen delivery and consumption, as well as of other global hemodynamic parameters, are uninformative of local tissue blood flow since it can be inadequate despite normal global parameters. (5) Additionally, these measurements are invasive which limits their usefulness since inadequate perfusion should be recognized early in shock development. (6) A good method for tissue perfusion assessment should, therefore, have to be local and noninvasive so it could be used early. In circulatory failure, blood flow redistributes from less important peripheral organs (skin, muscles, bowels) to vital organs (brains, heart, kidney), hence peripheral tissues can be used for early assessment of tissue perfusion. We use various methods in clinical practice with the most important still being clinical examination of a patient's finger skin temperature, color, sweating and capillary refill. It is difficult to interpret these signs in the setting of distributive shock, with evidence that tissue hypoperfusion exists, despite normal clinical signs. (7, 8, 9) Another method is measurement of the difference between core and peripheral temperatures. This method has poor value in the setting of low room temperature and in distributive shock. (10) Near infrared spectroscopy To assess tissue consumption of oxygen in the muscles of the arm with NIRS, an area of stagnant ischemia is produced by constricting the arm with an inflatable cuff (to 260 mmHg), thus restricting blood flow to the hand. NIRS was used before, during and after inducing ischemia in healthy individuals. (15) During ischemia, an almost linear drop in tissue hemoglobin and myoglobin saturation was observed until it reached a plateau after 3 to 4 minutes, with no further changes. After deflating the cuff, a rapid increase in saturation was observed, reaching values higher than in the initial steady state, which returned to the initial values after around 5 minutes. The drop in saturation during ischemia has been attributed to consumption of oxygen by cells for metabolism with the plateau explained as a shut down of oxygen metabolism rather than complete desaturation of hemoglobin. Increase in saturation after ischemia results from reperfusion and reactive hyperemia. In healthy individuals, this method was proven effective in measuring oxygen consumption in muscles. (16) The aim of our study was to assess the value of near infrared spectroscopy (NIRS) in detecting skeletal muscle tissue oxygenation (StO2) in the critically ill.
Materials and methods

Patients
The National Ethics Committee of Slovenia approved the study; informed consent was obtained from all patients or their relatives. The study was performed from November 2005 to May 2006. Patients admitted to ICU with localized infection, septic shock or cardiogenic shock, were included. The group of healthy volunteers was also included as controls.
Definitions
The criteria used for the diagnosis of localized infection and septic shock were defined by the ACCP/SCCM consensus conference (1992) . (17) Seriousness of disease was evaluated using SOFA (Sequential organ failure assessment score) (18) , lactate (LacTest, Roch Diagnostics, Germany) and based upon the usage of vasopressors, inotropes and need for ventilatory support.
Treatment
All patients received standard treatment of localized infection, severe sepsis and septic or cardiogenic shock including: source control, IV fluids, catecholamine infusion, organ failure replacement and/ or support therapy, intensive control of blood glucose and corticosteroid substitution therapy according to current Surviving Sepsis Campaign Guidelines. (19) Mechanically ventilated patients were sedated with midazolam and/ or propofol infusion and no paralytic agents were used.
Measurement of tissue oxygenation
StO 2 of thenar muscles was measured continuously with NIRS for 48 hours after admission. We used the tissue spectrometer Inspectra™ (Hutchinson Technology Inc., BioMeasurement Division, Hutchinson, Min, USA). A 25 mm probe was placed on the skin of the thenar, where the highest StO 2 value was shown. StO 2 was recorded continuously for 3 minutes before, during and after arterial occlusion with an inflatable cuff. The cuff was inflated to 260 mmHg for 90 seconds. In healthy volunteers and conscious patients measurements were conducted after 15 minutes of bed rest, avoiding any muscular contractions. Results were recorded in the form of a curve using InSpectra software and analyzed with InSpectra Analysis Program V2.0 (Hutchinson Technology Inc., USA) that works under MatLab 7.0 (MathWorks Inc., USA). Baseline StO 2 (%) was measured before inflating the cuff, hyperemic StO 2 (%) after deflation and curve change was calculated, downward StO 2 slope (%/min) during cuff inflation and upward StO 2 slope 
Repeatability
Purpose of repeatability evaluation is to prove NIRS is clinically applicable.
As can be seen in figures 1 A -first measurement, B -repeated measurement. A -first measurement, B -repeated measurement. A -first measurement, B -repeated measurement. 
